The anterolateral thigh perforator flap is a well-described and versatile flap that has specific advantages. However, the variable anatomy makes flap elevation challenging. Furthermore, the dissection of the proximal part of the pedicle that runs underneath the rectus femoris muscle demands continuous pull by an assistant and is inconvenient and tiring for the surgeon. A technique that facilitates dissection of the proximal pedicle part is suggested. It is useful in both pedicled and free flap transfer, when maximum pedicle length is crucial. Methods: Five anterolateral thigh perforator flaps were dissected using the extended technique. Four were transferred as free flaps and one as an island pedicled flap. In addition, anatomical cadaver studies were performed bilaterally in five fresh cadavers to further clarify the relevant anatomy. Results: All flaps survived well. One patient suffered from donor-site infection caused by inadequate drainage. Conservative treatment with daily dressing changes resulted in satisfactory healing. Two patients suffered from hypesthesia of part of the lateral thigh area. No patient experienced any difficulty in daily activities and none suffered from knee extension lag. Conclusions: An extended approach for dissection of the anterolateral thigh perforator flap is described that is useful in both pedicled and free flap transfers. Cautious tunnel creation is a prerequisite for avoidance of complications. (Plast.
T
he anterolateral thigh perforator flap is based on either musculocutaneous or septocutaneous perforators of the descending branch of the lateral circumflex femoral artery. The flap elevation begins with the identification and dissection of the perforator artery. In most cases, intramuscular dissection through the vastus lateralis muscle is necessary. After reaching the descending branch of the lateral circumflex femoral artery, dissection continues, depending on the desired pedicle length, as far as the lateral circumflex femoral artery, sometimes even including it. The proximal part of the descending branch of the lateral circumflex femoral artery has an oblique course beneath the rectus femoris muscle. Deep retractors and continuous pull by an assistant help, but as the dissection continuous more proximally, it becomes tiring and uncomfortable for the surgeon. Working in a tunnel-like space deep to the rectus femoris muscle, without adequate illumination, forces the surgeon to adopt an awkward position. The cost is extra fatigue and neck pain.
The complicated anatomy of the area, including femoral nerve branches and vessel branches to the rectus femoris muscle and to the deeper muscles, poses more difficulty. With the application of the previously described extended approach to the lateral arm flap and to the gracilis flap, [1] [2] [3] the author suggests a technique that facilitates dissection of the proximal pedicle of the anterolateral thigh flap.
The technique is useful in the pedicled anterolateral thigh flap preparation, as it increases the arc of rotation, making it ideal for genitoperineal and abdominal wall reconstruction. It is also useful in free flap transfer, when maximum pedicle length is desired.
Five flaps were dissected using this technique. Four flaps were transferred as free flaps and one as an island pedicled perforator flap. In all five cases, the perforators were musculocutaneous and no muscle cuff was taken with them, making the flaps "true" perforator flaps. Thus donor-site morbidity was minimized. All flaps survived well and all donor sites were closed directly. The largest flap measured 22 ϫ 8 cm. In addition, five fresh cadavers were dissected bilaterally to confirm the operative observations following the first successfully performed flap.
PATIENTS AND METHODS
From April of 2002 to April of 2004, five anterolateral thigh perforator flaps were used for reconstructing various defects, using the extended approach. Four flaps were transferred as free flaps and one as an island pedicled perforator flap. Four flaps were used in head and neck reconstruction and one flap was used for genitoperineal reconstruction. All donor sites were closed directly. The largest flap measured 22 ϫ 8 cm. In addition, five fresh cadavers were dissected bilaterally to confirm the operative observations following the first successfully performed flap. Follow-up ranged from 5 months to 2 years.
Technique
Preoperative identification of the perforator arteries using a Doppler device was performed in all the cases. After the localization of the perforator artery through a medial thigh incision at the medial border of the flap, blunt finger dissection was used through the rectus femoris and vastus lateralis muscles to identify the descending branch of the lateral circumflex femoral artery. In all five cases, musculocutaneous perforators were encountered. Then, the flap's skin paddle was freed. Intramuscular dissection of the perforator artery until the confluence of the descending branch of the lateral circumflex femoral artery was the next step. The vessel was traced until it went well beneath the rectus femoris muscle. Using illumination and blunt finger dissection, a tunnel was created, avoiding dissection under the superior third of the rectus femoris muscle. Our anatomical observations suggest that the nerve branches of the femoral nerve enter the posteromedial surface of the superior third of the rectus femoris muscle. There are usually three or four such distinct nerve branches that are accompanied by vascular structures. Using illumination helps to avoid these structures, and by just releasing the loose fascial layer between the rectus femoris and the vastus intermedius-medialis, the tunnel is created in a bloodless way. In this way, the risk of injury to crucial nerve branches is minimized. A 5-to 6-cm tunnel is adequate for passage of the flap. For skin paddles wider than 9 cm, a wider tunnel might be necessary, but one has to keep in mind that a larger operative field means more dead space. The flap is then passed through the tunnel. When the flap is passed beneath the rectus femoris, medial displacement of the sartorius muscle with a self-retractor allows direct visualization of the descending branch of the lateral circumflex femoral artery and the femoral nerve branches. The anatomical findings medial to the rectus femoris muscle were noted. Two nerve branches to the vastus medialis muscle are found medially to the descending branch of the lateral circumflex femoral artery. They run longitudinally to the medial side of the artery. The main pedicle to the rectus femoris muscle originates from the descending branch of the lateral circumflex femoral artery in the majority of cases. The average pedicle length is 4.5 cm. When the tunnel is created, this main pedicle is seen coursing parallel to the rectus femoris undersurface in a welldefined fascial/perimuscular layer. When extra pedicle length is required, ligation of the rectus femoris pedicle can provide 2 to 3 cm of additional pedicle length. Even in cases of perineogenital reconstruction, ligation of the main pedicle to the rectus femoris is rarely needed as, the flap adequately reaches the defect through the tunnel. However, this might not be the case in periumbilical abdominal reconstruction. A separate constant longitudinally coursing vessel structure is also noted medial to the rectus femoris muscle. This pedicle, consisting of an artery and a vein, courses below the previously mentioned nerve branches to the vastus medialis muscle. It is probably the so-called medial descending branch of the lateral circumflex femoral artery. With the flap in its new position, the final dissection of the descending branch of the lateral circumflex femoral artery is easily accomplished and femoral nerve branches are carefully preserved. In this way, the pedicle is no longer stretched as when using the conventional technique, and a circular 360-degree view is gained, facilitating proximal dissection. When a longer pedicle or a larger vessel caliber is desired, ligation of the main rectus femoris muscle vascular pedicle may be done and further pedicle 
RESULTS
All flaps were successful. No major complication occurred apart from a wound infection that resulted in proximal donor-site wound dehiscence. The treatment was conservative, with dressing changes. Two patients suffered from hypesthesia of the lateral thigh area. No patient experienced knee extension lag or weakness during daily activities (Figs. 2 and 3) . No patient suffered restrictions in climbing stairs. The donorsite appearance was judged as satisfactory in three and acceptable in two patients.
Anatomical Study
After the first successfully performed flap transfer using the extended approach, five fresh cadavers were dissected bilaterally to further confirm the detailed anatomy of the descending branch of the lateral circumflex femoral artery and the main rectus femoris muscle pedicle in association with the femoral nerve branches and to become more familiar with the tunnel creation in a less traumatic way (Fig. 1) .
DISCUSSION
The anterolateral thigh flap was first introduced in 1984 4 as a septocutaneous type perforator flap. Other publications followed, further clarifying the anatomical variations. [5] [6] [7] [8] Some modifications in flap harvesting have been suggested to ease the dissection. No matter what the order of tissue harvest is (flap dissection versus pedicle dissection), the proximal pedicle dissection beneath the rectus femoris muscle remains problematic. To compensate for the inconvenience at that critical point of the dissection, we propose the extended approach. Passing the flap behind the rectus femoris muscle is a simple maneuver that offers specific advantages.
Moffet et al. 1 suggested an extended approach for harvesting the lateral arm free flap. They created a tunnel under the lateral head of the triceps, through which the lateral arm flap passed. Ease of the proximal pedicle dissection plus an extra pedicle length of 6 to 8 cm was achieved. Similarly, others 2 have customized this approach to fit the Fig. 1 . View of the pedicle from the skin island until the confluence, to the lateral circumflex femoral artery, to a fresh cadaver specimen. The flap has already passed through the tunnel and rests on the rectus femoris muscle. Medially below the retractor is the sartorius muscle. Volume 117, Number 3 • Anterolateral Thigh Perforator Flap lateral arm flap in the best way according to the recipient defect. Hasen et al. 3 have also described the extended approach to the vascular pedicle of the gracilis muscle flap. They reported specific advantages, such as a 360-degree view of the pedicle, an added pedicle length and, in 40 percent of the cases, a confluence of the two venae comitantes to one single vein of larger caliber.
Yu et al. 9 used a similar approach to reconstruct perineoscrotal defects. They passed the anterolateral thigh flap under the rectus femoris muscle to gain additional length for transposition to the defect through a subcutaneous tunnel. They advised caution in avoiding saphenous vein injury but there was no information regarding the area nerve branches. Koshima et al. 10 and Jain et al. 13 have probably followed the same route while reconstructing a large perineal defect following testicular cancer ablation using an anterolateral thigh flap. Kimata et al. 11 have used a similar approach, passing the flap under the rectus femoris and the sartorius muscles, to reconstruct abdominal wall defects.
The extended approach is beneficial in perineoscrotal or abdominal wall reconstruction. Although many different types of fasciocutaneous or myocutaneous flaps are proposed for genitoperineal reconstruction, they all have shortcomings. 12, 13 The gracilis, the rectus abdominis, and the gluteus maximus are the most common, but they are mostly suitable for deep defects. The infragluteal flap and the pudendal thigh flap are other options for superficial defects. 14, 15 However, their use is mostly indicated for small to medium vertical defects. The anterolateral thigh flap offers a large skin paddle with ideal thickness and no restriction to the arc of rotation. Furthermore, the flap is far from fragile neighboring tissues or from the radiation field. We used the anterolateral thigh flap for perineoscrotal reconstruction in a patient suffering from hidradenitis suppurativa, with a good cosmetic result. Postoperatively, the patient's knee extension was similar to that of the opposite side, without any sign of weakness. Even in cases in which a muscle part of the vastus lateralis is taken with the flap, as others have shown with isokinetic and isometric strength power profiles, the functional limitation is minimal. 16 We prefer to angle the proximal incision medially for 3 to 4 cm to gain generous access to the pedicle. Again, the added incision length does not induce extra morbidity.
When using the extended approach, preservation of the femoral nerve branches is mandatory. The motor nerve to the rectus femoris muscle splits into two to four branches that enter the muscle through the posteromedial part of its upper third (Fig. 4) . Although the muscle receives multiple nerve branches, extra care during blunt finger tunnel dissection is needed. In the unfortunate event of accidental nerve branch injury, or neurapraxia, the segmental nerve supply to the rectus femoris muscle compensates for the damage. In addition, the rest of the quadriceps suffers little insult if a true perforator flap is used. When another issue arises (i.e., when to lengthen the pedicle of the flap), sacrifice of the vascular main pedicle to the rectus femoris muscle becomes necessary. It is theoretically possible to face a postoperative contracture of the thigh because of the disturbance of the blood supply to the muscle. Kimata et al. 17 advise preservation of the pedicle to the rectus femoris when possible to minimize postoperative contracture of the thigh. Koshima et al. 18 have used part of the rectus femoris muscle as a free flap for facial reanimation and reported no functional limitation of the donor leg. No patient in the current study suffered this complication, although on one occasion the main pedicle to the rectus femoris was ligated for additional length. However, we did observe distal lateral thigh hypesthesia in two of our patients, probably caused by lateral cutaneous thigh nerve branch sacrifice during surgery. 
Plastic and Reconstructive Surgery • March 2006

CONCLUSIONS
An extended approach for the anterolateral thigh perforator flap is described. A more comfortable dissection and maximum pedicle length and larger vessel caliber, if desired, are achieved. It is mostly beneficial for pedicled flap transfers but helps also in case of a free flap transfer when extra pedicle length is desired. Attention should be given to the tunnel creation to prevent functional impairment. Creating the tunnel lower than the superior third of the rectus femoris muscle minimizes the chance of nerve damage to the muscle. Using illumination offers extra safety. No more than the necessary tunnel width is dissected to minimize dead space creation. Furthermore, using the extended approach, the proximal pedicle of the anterolateral thigh flap can be dissected under direct visualization, and the surgeon, instead of "working in a dark hole" beneath the rectus femoris muscle, enjoys a constant, circular view of the vessels. 
H
ow, why, and should the anterolateral thigh flap be transferred from the lateral to the medial aspect of the leg? The article by Spyriounis best shows how to do it. In his five cadavers, the author focused on the nerve innervation to the rectus femoris muscle. For the anterolateral thigh flap to be atraumatically passed underneath the rectus muscle, the neurovascular pedicle would best be left intact. The most important piece of information in this article is the description of the femoral nerve entering the rectus muscle in its superior one-third portion, on its deep and medial surface, as three to four distinct small motor nerve branches. The author convincingly describes the creation of a tunnel inferior to these motor nerves to preserve rectus muscle innervation.
While much emphasis is placed on preservation of rectus femoris innervation, a lesser degree of attention is given to preservation of the vascular supply to this Mathes and Nahai type 2 muscle. The major pedicle was divided in one of the five patients presented by Spyriounis, undoubtedly to add pedicle length. Division of the nutrient vessel to the rectus vascular pedicle adds 1.5 cm of length for a typical free flap 1 and 3 cm of length for a transposed pedicled flap. Does the artery need to be preserved for muscle function, and what is the possible outcome if the muscle is injured? In a large series of patients, both Kimata et al. 1 and Koshima 2 strongly cautioned against the routine division of the main rectus femoris pedicle during anterolateral thigh flap mobilization. According to Koshima, in almost 40 percent of limbs, the major pedicle to the rectus muscle comes off of the descending branch of the lateral circumflex femoral artery (the artery of the anterolateral thigh flap), and in an additional 30 percent of limbs, the two vessels come off of the lateral circumflex system adjacent to each other. In only 22 percent of cadavers were the two vessels relatively independent of each other. 3 The author did state that the division of the pedicle to the rectus femoris muscle is not required for his extended approach to the anterolateral thigh flap, but this was based primarily on free flap harvests and cadaver dissections. In neither instance is pedicle length the ultimate necessity. What is possible in a cadaver is not always representative in the operating room, where reduced flow due to tension and vessel kinking at arterial branch points are important issues. Ligation of the major pedicle to the rectus femoris muscle can potentially cause permanent muscle dysfunction. The rectus is important for terminal knee extension (the last 10 to 15 degrees of extension). In the one clinical picture provided by the author, the patient in Figure 3 is able to extend the knee against gravity but is not demonstrating full extension. Figure 3 is more consistent with functioning medial and lateral vastus lateralis muscles than it is with a completely normal quadriceps mechanism. Perhaps the patient can completely extend his knee and this is not an accurate demonstration of his muscle function. Suffice it to say that when planning to pass the anterolateral thigh flap medial to the rectus femoris muscle, one should be prepared to identify the nerves to the rectus muscle, be ready to divide the artery and vein to the rectus, and know that terminal knee extension may be affected. Spyriounis does not as compellingly demonstrate why and whether this transfer should be performed. I am not convinced that this maneuver should be routinely performed for free flap harvests. The author states that the technique can be used to improve pedicle length and to improve visualization during dissection. In the case of the anterolateral thigh flap, the pedicle is already quite long, and if a still longer pedicle is needed, perhaps another donor site, such as a serratus muscle flap, should be chosen. I agree with the author about the issue of improved visualization of the vessels during dissection, and this issue is especially germane to attending surgeons working in training programs. Improved visualization alone may not be worth the potential harm to the rectus femoris muscle for the surgeon adept at flap dissection and harvest.
